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Slftl^^ZT^ 6 ? Ct eIement h3Ving 8 ° 0d magnetiC characteristics "y toting a deterioration, by heat 
treatmg, m a reluctance change rate, and a magnetic memory unit provided with this magnetoresistance effect element to provide 

fixed layer (5) and magnettzation free layer (7)) facing each other via an intermediate layer (6) to allow a reluctance to te cnZed 

ferromagnetic matenal havmg a crystallizing temperature of at least 623 K; and a magnetic memory unit comprising This maenltore 
S1 stance ef fectelement(l)andbitli„es and word Hues sandwiching the magnetoresis^ 
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2fcfc#V^ £ ft T^y^n^y**©*^^ 

15 ii^StHt, StStlSfcftot^TV^. 

»ll«:|:f ^fcFRAM ( Ferro electric Random Access 
Memory ) * # * & ft $ 6 

u a» u * a* e> , ^^^'^^jb, » * a*a« # /i » © ^* 

20 -^-£5gV^V> 5 FRAMfcfc^ttt, ft 

t*^Fr«6IlIife^^^*v^tv^5raje*s^tffl^§ftTv^« 0 
^ft & ©&/&#fcv****te;* * 3 iutaa^t^5o«s % 

09*.i£ TWang et al.,IEEE Trans. Magn. 33(1997), 4498 J \Z. |S 
*SftTV^J:5fc, MRAM ( Magnetic Random Access 
25 Memory ) hWUfr ZM% * * V t> * 9 i©MRAM(i N ft 

HIlEfcJ: &M*ff$fc»K:»#ifc*-HriBiaft#^-e&; 5o 
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BM,U1ffh^}^z (Tunnel Magnetoresistance : TMR) Sf^fci, ^ 

Afc* c -c »ft a*L 5. ^ ©5&mji©m©ipi § 
/ht itotii»^*5iiia »?K¥fT£¥ 

* l t % i o atft: B ft » * * y k: & # s f£#iE «jp s „ 
**^/<^:/ffl©TMR*^fc:fev^,*©&ftffi^&ft;*sri % 
*ftJe*L©3S««:«©* t 0 ^^^^^ p l , P2tt5i, TIB 

©^ (a) x-attstiz. 

2P1P2/ (1-P1P2) (A) 
}COVNT«, ifll^CFe, Co, NifOFelCHH* 
y TJi*«E^«-^o»«tt« £flll#©&fl£teJi©®;^*-* V 
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t^lCTMRJtiM/Txiffift^ttfcJ: ^it^Iff(Vh) 
£> 5. 

¥*#mj»Of^SC: 3 5 0 1C&± i 
t5IS^*5ftft, T M R #^ t> R« fc.fi* »&tt#jfc» 

L*»U3fc3SS6), Fe, Co, Nif©Fei7C*©-&^f 

•t £ F e N C N i F eM7um<D'&&fcMl,X s B , 

Si N C, P , Al, Ge, Ti, N b % T a x Z r , M o £ is 
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L^l>, J: 5 ft**K-frASr, * © » * ft a ft « ± m Jnjn 
1-5 is MRAMIOTMRfftt*^ 
5 5«$*C#ttas#fl2l-3 0 

«w*vNjaft«ffiS:Sfcft-ct> TMRifoiittt (m^mn 

10 [Rl±AS*«)fejL-CV^5o 

«ftfc*£&*#ft&#1-3&&**ygii&jifft-t-s t> ©-efe 

15 5 0 

m w <d m * 

SJfllSjiTftU, ilBfcttLTSittliliftitttilcicjTt 
20 ^^^L^{b^#5#^T*fe o T > M©iit|©5 t,/>^< it) 

^Srff *#fin;:&tH7- Ki^tftfy M^fi, *f©5«tt 
if © 5 £>4>fc< H-^S, Sr&fci&ftas 6 2 3 K«J:TfeS^ 
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wai an* t ic £ o , »*&«&«©&#& b «k Mtt 

5 ±a&©#3&W©»a* y $|g©fl|$fc ifitf, a^ffi^S&m 

^ 02ft, ft A 7 * y WatSr^T-f- 5 TMRifro«i^|t 
15 0 3it *HPJOTMRif?r^^y t/vt UTf t5 N 

84tt, HSfc^i-^^ey-fe/i/cte^UfSHT?*)!?, 0 5 wt % T 

MRifCS*I©TEG©¥B@tt)^ B 6 Ji , 0 5 © A - 

Afc*jJt5dfffiB[-es>ij % 0 7 tt % S io^tiXlFBCtfi 
20 fc*t*ftfi«©H«fc***-H-t!&?UB8a:* s iotfIXt)! 

f i^U?B©tf tirTMRtfciDii ( 3 5 0 TC©j|II|) ft 
^tBtffct), 01 o fit, i:TMRft^ft*J:oS# 

«r * 1- h -e *> 9 N 011 (4, m i o <D-U(D&±m-?fo q , mi 

25 2te N S i ©£#*&t*B ©-£#*fcOV^*«fcarifc*fflfc* 



3s w ft n$t-r § fc * © « & © ^® 
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io mmftt> l < tt^tufra* e>$5 i» ^**/< p t« 

15 Fe, Co, N i ©V^-j»*l/*» 1 «t> U< tt 2«£t±*i 

^^■fci-«»HKttW^*CS> 9 ^i!ISHt©fc&©M7Gp!f £ It, 
B, Si, C, P, A 1 , Ge, Ti, N b , Ta, Zr, Mo 

tp r?~ Kix^ir? **©&««=«© 5 < fc 
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±mm%**v mufc&^x, MHUttstj&m 

Fe, Co, N i <D ^-fflfr 1 « L < « 2 «^±i£r£j& 
B, Si, C, P, A 1 , Ge, Ti, Nb, Ta, Zr, Mo 

©v*r*ia» 1 as* ± -f-s. 

iOTMRi^lft, '>!la^«)5^ft5ifi2J:l:, 
15 3i, S^ittl4^ Mtt/lT'fc 5M@£JI 5 i , h^* 

*/w* F716 £$^&tpi 4 ia!), h 9 ft- 

25 5 0 

fc*fcH£* 5 ©aUbfcgjRg* -$\ ttfcB£JI 5 ©«-fb©ft * 
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K3SlftS4^i^f5#^iLt{i, Fe, Ni, Pt, I 
r % Rhil:ttfMn^^, C o gfcfcfcK NillbHHIt 

0 1 l:*t7t°y^;i/^I©TMRi^ 1 *3 ^ X it s Mfcm 
10 j£*5tt, £!£attJl 4 i ?» £ i |c iotl 

X. o T t>$:te@5£S 5 ©«ftttK«cUftV^ 0 

^^;W^7|6S, HtfcHSJI 5 tatftl ftjf 7 fc 

15 Yi'^sv^y TM 6 %W!$1rZ>ttWk LXte, tt*.tfAK M 
g, Si, Li, Ca^oiftHi, An^yftljfois 

w^£<>x)$,M£htz&mm*, iftxsaftts^itipi 

20 5:HK'^ 0 

ft^f^f i:*Sv^5CVDftU:j:oTtft5ii:iST?#5, 

25 <tt-*^, *SlftfiSiJ 6 2 3 K&±<DW&W&m&tfPr% 
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3 k £ o t>tev^^ft«3li8^4^^^sr!a^K&»fcffiv^fcTMR*^ 
Rjfc#*flsLfc 9 r-h^-^ (jgtt-iifti) ©fcjgftasa 

5 JLftfctt LT, fe*fcm£# 6 2 3 K&±©#il&K3ft«tt*r** 

ioi 5 ft^masmftSMBteert^teftv^ ttAJttttttt 

10 M£tT,TV^#I;UfB^S i^<^7<^P^ K5c*^x 

£>5Co, Fe, N i <f©F e*3ftaHt7C*t»««Ifcr4*^r3g 

^w^s^irt, mmmmm<DM%itec o 8 b, co 2 b, co 2 

6 2 3 K#±©iSv^,ifc»«&#o#,ftKflmtti*fc 
H-ef*^A«#5S#^©^^ff*^^i«vN?a^t?t>ii«F$^, ft 
©X% $ fe tS5V>a«T? t> , b f*;w< y TM 6 ^ottffc^fliiW 

25 Ift^^gLtl^fcglttt^gf, r^Lia?), TMRf'f 
^MRAM^©#^7« ; &y^tt^ffiVNfc^^^^^fcX^y^>' 
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urn i v *>m^um&-T?mmistiz> t . m*.to&&&fc\*x 

3 5 0 t3&±©8&&«i$S&SSfcXgflS#fc-r 5 o 

t:t\ '>4< H 6 2 3 K (3 5 Ot) HlOgftftSl^ 

i'>t5, m^lK TMR§^©^#:|Ili&:7 p ni?*£<Dii 

iOiJI^ 623 K#±©5|£,ftfci&£&£r 5 
10 #fi.fcU-C»±, %-fcX+&m.&*^-tF e s Ni, Col^Lt, 
B , Si, C, P , A 1 , Ge, T i , N b , Ta, Z r , Mo 

o^-r *l i «t> u< « 2 ± a *£3R#*rr&*b 

® 5n * * Sc, Y,' La, Ce, Pr, Nd, P m , S m , Eu, 
15 Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu^K * ft % * 
^tili^^ItfeSV, Nb, Ta, Cr, Mo, W*j8*^* 

ft<5 #**#ja«*i&*Lfcv^H-et8;!in-t-5 ofciffi-c 

20 ^5f, LtJjitfCo, Fe, S i, 

B^fc fc5«-tt**»&Lfcit'frfctt, * 1 ft »«m **** © A 

ftftA ( F e ^7Cf| i ^M^Sf^tt) kvmfcfe 

ix.«Fe-Co^i{iMttB, S i £ gs#P L 
B^$&©«JP©#^lilH:, BiiDi^l 0-3 OJSf %© 
25 l&HT^I.JflS^M £ftS 0 

aCot^UTB £ M b fc4§-£ :J3 V"* T fi£ % 15 JS^ % «P U 
fc £ # © £ £ fttl # m 6 5 OK, 2 0 % Kftl L % © ^ 
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&4tm.&&m 6 6 0 K, 2 7 ML?%ffiM Lfc t £ 0|$£ftJI.£tf 
$J 7 0 OKi/i5, 

£ fc, B&tFS i^*fcttLfcf^Cli, *SillflSi&£a s £ S> 
± # b , $1 x. « B 2 0 % £ S i 10%**JtlLfci:*R:tt, lit 
5 ftfta** 8 0 0 KSA*-c±#rs. 

:©J:54:i:i s ^ Co, F e Si, B © ^ » ^ fc tt * 
5fii&ffla*#£ U #ttl© 5 < fc t>-# ft 

*«Tittfc*tt*l5c*&K^T, ija^^FewCo 
xSiyBz (55*, w, x , y z ftlS^ w+x 

10 +y + z = 100-C?fc5) frt>m&&tl, 6£w£4B % 35^ 
x ^ 8 5 , 0 ^ y ^ 2 0, 10^z^30ffc5:H^$L^ 

iOCo, Fe, Si, B^bj$5*t$-3UC:i3V^T,0;i;l^ 

15 s i ©as an* t b ©«n*te, #:© J; 5 ft 5, 

b ©SiJgftas l oi^%*itfe51^tii, ^SI«r^^ 

- C o #A©»ft4»tt#** < Rft£*L, 

20 febtb^O^-T'fe^o 

^B©^^»t5iHcj:!) 6 23K&±©»*fc ?&£«:#$ 
& }c « , B © m M * % 2 0 J* % £1 Jb 1" 5 & S # & 5 „" 

B ©M4fi 3 0 M^%^T^ifc S C £ •£ Ll^ B 
25 ©iJDi^ 3 0giF%Srit5i:, iiftHA^tiT LTV^ < i 
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B © «P * tf* 1 5 JK % tf N S i©IM^i 51^%t&5t 
§ % ft 8 0 0 K £ A V> £ ft i&£ ft § o £ © «fc 5 S i & S&JP 
Ufcrifci5a*t>#6>3h/©fcft, © # B © «B i; £ 4> ft < 

*.«b ©M*^ io~3o m^%©»^^s s i ©M*tfs i 
o~i 5 M*%<Dmm\zM&ibM&<Dm±*% i 5i^»u 

10 hi s i © « ai * & 2 og^%©i^iLiis ssan * a* i 5 % © 

t) t)^ift?It^/>Lfg< t 7 5 0-8 0 0 K©^| 
ft >9 , La»t>#*H«»fcft UK < < ft 5„ ^oT, S 

±afiufc±5K:^ b ©»*& i o - 3 o s i ©ssjp 

B ©M*& 10-20 JlK-7-%, S i ©M#& 5-15 
its. r©J;5^®l©iiDiit5iiia^ 7 5 0 K- 
8 3 0 Km^©i«VNjg^ftmgtr^t-5^^W3aatt^^^#fe 

20 6 0 

t ft S^&© 5 C o F e l^&fc&V^, 0$ 

LV^C o tF e © &J& Jfc fi , © £ 5 ft S <, 

i*V^MR#&IS^-t-*fcfcfcW^ C o — F e © fj £ (4 C o 3S* 
i#SPtiCo#5 0 ±-£**lTV^ <D&m$. LV^ F e 

25 aS^#flPt»F e^ 5 0 If %^±t 5 ^1^3 *^l< * o X, 
fit ft # S £ L ic < < ft 5 - i 5> f - 7 5 ? o y f - X © $c /Jn ft T 
MRlfOlftS S /B v> <5 fcH:7p5iS i ft So 

L^Lfttffc, Fe©tiS'>4tf5i, * tr /h S 
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e 5 JR-?%#± *>*6 

5 K±©^fc*»fe, CoFe^fjSUSFeO^tlB, 5 Jg 
•?•% & ± 5 0 JIC * % £ I" 3 £ £ # «f £ L 

*fc, #ft«3§t*tt8-»©'<-* Co, Fe© 

N i ^^ttSi^-Ct, «A0«^«iooM4TM 

^Lt, N i fc*attHas#ft Niotti?: 

0 Jl^%^± 3 5H^%£JlTi:-t-5r£^^*bVN 0 N i 

3 5 M-f- % £ ® x. 6 i , &«S;*J 35S/jNS<ft9i-t?TTMR* 

-f 5 fit, ^ RfSg&^MTuSf £ B&V^T. i|&/&5£F e a 
CobNicBdSie ( 5£ *K a, b , c, d R T$ e ft % 
Ul % a + b + c + d + e = 100) b flt $ £ ft N 5 ^ a ^ 
45, 3 5 ^b^85, 0 ^ c ^ 3 5 , 1 0 ^ d ^ 3 0 , O^e 
20 ^ 2 0 T? h 5 - £ LV>„ 

tLt, £ ©»$f&B© 5 ^> 6 2 3 KK±k & 

§ © # a ft tf J: vn d 

±i&LfcilSAflUiS^ 6 2 3 K#±T?fcs#«illta&fimttJPH* 
25 «r«ufc»*## feftstf*, ttift ^17 Kmm-tzz. t K 

tot, i9Iifcai^#6n5tOtfc5, 

6 2 3 KJK±0**fta*Sr*i--5**W3fc*tt*t 
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< t llftfil^ 6 2 3 KU±(D&&WmM&ttWZ: 

S^X^tf 1 (CjoV^T^^^IUS&^n-fe^ (D 623K (300 °C) 

io isttsi^-eis, 

W, #3&Kfc*3V»-rW:, B 1 fc*t J: 5 ifclftHgl 5 RV* 

15 5ail2©lft@Sl5bi "eMttM^Jl 5 c 

|2!C/7tTMR|fl Ottt, 0 1 © ASffe @ £/P 5 a # K & 
20 t, |1 Cl|fc|Sl5 a f«l>-#ft©^#l#tt£&o 0 £ 

fc, 9 2 ©MSSJI 5 b tt, fy^/w^ri6^^Ltift 

ifti7fc#i<iiL, * * ^ © ft & # a a« 7 1 itm^num 

25 « , fjillRu, Rh, I r % Cu, Cr, A u , A g « ft m & 
LfcTMRii^l M5g|iOi|tS)5fcft, 0 1 
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#623 K&±©#i&«»«tt*mfc-&tf*j* - tia!), 

■=P ( b ^*^«t*«tt»#*-=F) 1 , 1 0*JBVNfc*s,#»Htt, 

HQJf i LT C u SrE^fc 

BPtV^*5CPPaoGMR*f It 
15 1>*»WSr3iffi^5 C «. 

S&fcl* ^JfiSBHOTMR*-?^**^^ «B <ffc @ £ Jl S 3ft fl£ & 

y *3SK©*«Sr«3&*>J&v>IS t) a 03 ?^ si* 

20 ±m<D ± 5 ^TMRff 1 , 1"0 M 

#^PJ©TMRiif^£JiV^cMRAM5;io^T, 0 # H8 L * # 

*f PJfDTMR^f ^tf5 ^a^^-r^ hlOMRAMT V 
25 0 3lO7f c :OMRAM7Wtt, ||oy-F|WL 

t % rtLb!7 - KIWL iI^t5ll:o^y MB L I: ^|L, 
!7-FiWLtlfy MBL^©S^ft*|IW©TMRif 
t^TiS^^ Pt/H 1 i^ffS, IP % , uOMRAMT 
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W % MRAMTWtf^^STMRif Htit lit 
^LfcTMRlf 1 fcRSSft-f , Sl7x 9 Alitor 5 0 2 

HtI®liK±i« 6 2 3K£t±©J$*-fkagSr^ri-5^*ft!ft 

10 ^^!)t;H lit 04l:*fj;M^ ^ygfi 
1 2 1 3 N y-x||14St)iF^^U|l 

Hi Lffl © 17 - KUWL lSrfcfifcLTV^.^-hMl 3 ±Rltt^ 

15 WL 2 aJjgjfcSftTv^o f7^^^?16©F 

W vl« 1 5tli3y^^ h ^ */H 7 dSgflKStis HI- 3 
I"* * */H 7 HlttT«I* 1 8 ftWimtStlX^ 5 o Z<DTM 
Jf 1 8±<D*#&#-M©17- KifcWL 2©±7j{-^j-JS1-?>{iBfc 
#3£K © TMRilf^ 1 j&SJgjfc&ft-CV^.d OTMRl? 1 Jit, 

20 17- KJtftWL 1 2 tl^tS tyU Ufclf y b 

f tii^ItHStS) B L#Jgjfc£;h,-CV>5 0 ffl^ TIH8 
^EtfiOl^S TMRlf 1 £ PV^f yfHHl 5 £ 

#17- KiW L 1, WL2J:TMR|f UlrftltS 
25 fc&Ojf 1 9 ^MBI 2 0 t , 

:©MRAMft, aft 11 £JI 5 km <b & ftl7©5*)'>ft< i 
t>-*©»»ttJi*^ **fctl£# 6 2 3 K£*±©#i. 
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tfm%^&W}& iSftfcTMRSf^l&fflV^V^©^ TMR 
1 ©3ft»ttJi©»«HtaS«I±**bT:V^T, TMRlf lOT 
MRitcDff&MK: £Z£fc&toMZtis Iv^TMRJ;blrft5r 

JLftfcJ:!?* L#tt^r^ L, ;< * P ®Jf£ 

10 X^Tl&BJ-rSo 

NU 04i::jj*Lfc.fc5fc* MRAMfcttTMRlf 

MRftttSrffl^SfcfcK:* H5S.0IH6(c^1-j; 5 ft » B* l£ h ^ 

15 (mmi) 

< f- -y -f /vi > 

20 g5Stf06l^ti5l^ lltfFllif TEG (Test 
Element Group) Ht, £$E 2 lil:!7- KlWL t \f y h B 
BLi 39JE2flEU"CB«*Jh/, KiWL itTy fiBL 

£ ©SitS^^tTMR^? 2 2 jJS»rt*^fc#3t*^« 
:©TEGii, TMRlf 2 2 sPJBft 0 . 5 n m X ft 4ft 1 . 0m 

25 m-©«n^ttT?fc 9 > ^-FiWLXt^lfy FiB.L©gfiia 
JlfnjBf^5'K 2 3 1 2 4«/&£;ft, !7- K§WL i \f -y h 
SBL^Al 2 0,#>6>jfc5lft*ll2 5 , 2 6 |l iotS^PS 
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A# ft £ tt , ft © * 5 L -C H 5 R H 6 fcw-r T E G *r 

jf, * is matt it ft ut (ff^2^ m ) ^«^fc?^o. e 
5 ft^ N ^ ©m 2 1 ±t v- h*m<Dtf& %j&m 7t fijy 

© £ !7-KiiWL^^©|i^«, ||21«^5nmK' 
^ 5/ f - ^ ^ L tz. 0 
10 ^©|, !7-KiWL^fotitl2 6lrff^L, 

15 Ta(3nm)/PtMn(20nm)/Co75Fe25(2. 
5 n m) / R u (0. 8nm)/Co75Fe25 (3. Onm) 
/Al (lnm)-O x /Co75Fe25 (2. 5nm)/T 
a ( 5 n m ) 

h >-.*/W* UTleOAl-Ojii, If^IA ll^DC 
20 1 nmlii^t, Z (D'&Wtm/T <D mm 

Jtlrl : U f ^y^- # * JBE & 0 . lmTorr£L, I 
CP (ii^^7°7X-7) ^^©/yX-ria^lAlI^T" 

25 £fc, fy^/wq7l6«Al-0 JBt^Oltt, DC-r 

nkfc^mm^mmmfcfcx , lokoe©^^ 2 7 o°c-c\ 
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^tt, m 5 tmri? 2 2 &m 

5 Ht, Al 2 O^^^'^t5:tiaM^10 0nm 

u&comnm 2 5 ^bt7t h y y^77^iu 5 ^ 

TEG*#fc. 

< f- V 7° ;w 2 > 

10 TMR|^22 Z>J1«J&£, TIB © M ^ HfeWSt^^ 
• 1 il^ffcU-CTEG^ifc. 

Ta(3nm)/PtMn(20nm)/Co75Fe25(2. 
5nm)/Ru (0. 8nm)/Co75Fe25 (3. Onm) 
/ A 1 (lnm)-O x /(Co90FelO) 70SilOB 
15 2 0 (.4 n m) / T a ( 5 n m) 

< f - >- 7" /V 3 > 

1 tilillTTEG^ife, 

Ta(3nm)/PtMn(20nm)/Co75Fe25(2. 
20 5nm) / R u (0. 8nm) / (Co90Fel0) 70Si 
10B20 (4. 5nm) / A 1 (lnm) - O x / (Co90 
FelO) 70S i 10B20 ( 4 n m ) / T a (5nm) 

< Vy/fr 4 > 

TMR|^2 20illt T1E©iI<9 £ L fc » 0* tif-l' 7** 
25 1 tlll:LtTEG^#fe 0 

Ta (3nm)/PtMn (20nm)/(Co90FelO) 
70S i 10B20 ( 4 n m) / R u (1. 0nm)/(Co9 
OFelO) 70SilOB20 (4. 5 n m) / A 1 (lnm) 

19 



WO 2004/013919 



PCT/JP2003/009825 



-O x /(Co90FelO) 70SilOB20 ( 4 n m ) / 
T a ( 5 n m) 

5 UiiiatTEG^ifCo 

Ta(3nm)/PtMn (20nm)/Co75Fe25 (3 
n m) / A 1 (lnm)-0 1 /Co75Fe25 ( 3 n m ) / 
T a ( 5 n m) 

^ L T V> & „ 

< f- > 7° ^ 6 > 

TMRli L 22fflIM^, TfEOil 5 h htcUfrteVy?* 
1 tRilClTTEG^ifc, 
15 Ta(3nm)/PtMn(20nm)/Co75Fe25(3 
n m) / A 1 (lnm)-O x /(Co90FelO) 70S i 
10B20 (4. 5nm) / T a ( 5 n m) 

< 7 > 

TMR*^ 2 2 <Z>Jf«$Sr, TIE © il «? 2: L fc fit * He f- y 7 
20 1 tilt L"CTEG^#fc t 

Ta ( 3 n m) / P t M n (20nm)/(Co90FelO) 
70SilOB20 (4. 5 n m) / A 1 (lnm)-0,/(C 
o90FelO) 70S i 10B20 (4. 5 n m ) / T a (5 
n m ) 

25 < y-vf/v 8 > 

TMR|^220l«H, TEoaJfctfcK^ttf^^ 
1 iHltltTEGHfc. 

Ta (20nm)/(Co90FelO) 70S i 10B20 
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(4nm) / A 1 ( 1 n m) -O x /Co75Fe25 ( 3 n m) 
/Ru (1. Onm) /Co75Fe25 (3nm) /PtMn 
( 2 0 n m) / T a (5nm) 

5 1^11^117 * y 5fl£/£ t ^ot^s, 

< f - i/ :/ /V- 9 > 

TMRlf 2 2©ll)ilh TlB^MlJtL^^^fi^^T 0 /^ 
1 ^itfCTEG%#fc 0 
Ta (20nm) / (Co90FelO) 70S i 10B20 
10 (4nm) / A 1 (lnm) - O x / (Co90FelO) 70 
S i 10B20 (4nm)/Ru (1. 0nm)/Co75Fe 
25 (3. Onm) /PtMn (20nm) /Ta (5nm) 
(H®*2 ) 

15 L, Iftlftl^C o F e tS iXflB % MM Vtcffi.$.(D&m& 
IHt, B ©Mlr&tf S i JrCQSMB Srfi^fco 

<i^->'7 0 /^l 0> 

TMR*^22©ii^^, TIE©Ii^ (1) iLfc. 
Ta(3nm)/PtMn(20nm)/Co75Fe25(2. 
20 5nm)/Ru (0. 8nm)/Co75Fe25 (3. Onm) 
/ A 1 (lnm) - O x / (Co90FelO) 100-y-z 
SiyBz (4nm) /Ta (5nm) - (1) 

±|E©JB«$; ( l ) ©H, asfcg (c o 9 o 

FelO) 100-x-ySiyBzWy %. T$ z }*JI^% 
25 J££^-ft>©-?&!9, #J ® t*J <2 (Co90FelO) ft , Cot 
Fe^9 0 : 1 0 ©|lilt-C*fc5 i tt^5 0 M?Llty = 

1 OJgT-%^ z = l 0 5 ^ -8^ (Co 9 OFe 1 0) 8 

OS i 10B10tfc5 o itHiCo : Fe = 9 0If°/o: 10 
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m •=?•%©&/& ft© c o — f e 8 o m?%-?h s s i a* 1 

0 Jg^%, B # 1 0 JBC^%t?*> Z>m.i&l£&G1r5 ^t^^LXV^ 
5 0 ^oT N TnS^Tt ©»jfcJfc©&BT?W:C o72Fe8Sil 
OBlOfcftS, 

5 tit, :©ty/;HOfft, ±fBjpfl£i£ (l) I^V^Ty 
= 0, z = 10S?%, life (Co90FelO) 9 0 B 1 0 © 

< 1?- >- 7" ;v 1 1 > 

a^SAS^s y = 0 % z = 15lfl t^t) (Co 90 
10 FelO) 8 5B15O||HfcK^lit^^/H0^il: 
L T T E G Sr # . 
<fy7';H 2> 

fllft; g S Jl & * y = 0, z = 2 0Hf%, t^^t) (Co 90 
FelO) 80B20 ©*&# £ Lfc«*M*f->'7VH 0 i:K8t 
15 LtTEGSrtfe, 
<fyy/H 3> 

flSft g S Jl & ^ y = 0, z = 2 5JSf %s tft^t) (Co 90 
Fe 1 0) 7 5B2 50Wilfc&^iit>'//H 0 IW * fc 
ItTEGlrifc. 
20 <f y^H 4> 

ft i * JI «^ y = 0 , z = 30l^%, (Co 90 

F e 1 0) 7 OB 3 0 ©M £ Lfc^ttf-fTVH 0 tmMfc 
ItTEG^ifc, 
<if^7 P /H 5> 

25 ft ft! g ft JP ft , y = 0 , z = 3 5 % x 1" ft (Co90 
F e 1 0) 6 5 B 3 5 ©*!/&£ Ufc«^|4f-^7 P /H 0 # 
UtTEG^ffc. 
<fy^;H 6> 
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Mfc&&M%, y = 2 . 5 % s z = 15lf%, t*^*> 
(Co90FelO) 82. 5Si2. 5B15©MHfc« 
1?" ^ 7°/H OiKSlCLTTEGtftfc, 
<fy^;H 7> 
5 Iftlii^, y = 2. 5If%, z = 20M-?%^ 1" & fc> 
(Co90FelO) 77. 5Si2. 5 B 2 0 LfcK 

<fy/;n 8> 

flfcfc g * S 4r , y = 5 M 4- % ^ z = 10l^%, (C 
10 o90FelO) 8 5 S i 5 B 1 0 ©|ifi| t Lfc «^Sf ^ //V 
1 0 tmUKLX T E G £ # fc e 
<-^^7 P ;H 9> 

M Hi * il £ , y = 5lf%, z = 1 5 M ^ % ^ -T ft fc (C 
o90FelO) 80S i 5B15 OUffc t Ltc U^-lt^ ^ •? )V 
15 10iWiKLtTEG*#fe, 

< f- y 7 s /V 2 0 > 

Mfc&&m%, y=5JS^-% > z = 2 0Jg^% s -f-fcfct, (C 
o90FelO) 75Si5B20 (DB-ffc t L fc £k $V it f" ^ 7° /V 
1 Ot^i^LtTEG^ifc, 
20 <f-^7°7^21> 

g ft Jf £ , y=5lf%, z = 2 5W%, 1" ft t> (C 

0 90Fe 1 0) 70S i 5 B 2 5 ©|I^i Ufc^^ttf ^^/^ 

1 o t mm\z. t e g % ntc * 

< ^^"7 )V 2 2 > 

25 IftSftl^, y = 1 0 ^ % , z = 0 , -T ft fc % (Co. 90 
Fe 1 0) 90S i 10©Wtlfc^ftty7 , /HOi^i 
EltTEG^ife, 

< >-7°/V 2 3 > 
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M4k g * Jl £ , y = l o m*%. z = 5lfl -j-fc t> h ( c 

0 90Fe 1 0) 8 5 S i 1 0 B 5 ©fl^i Lfc^^afy^/V 

1 0 ilPlifcLtTEGiifc. 
<f y^;V2 4> 

5 mfcn&m*. y = i om*%. z = 1 o m*%, -r%t>*> (c 

o 90Fe 1 0) 80S i 1 OBI 0 <D fit k L it $k ft t& V f 7 
)V\ 0 £|Htl{;iLTTEG£#fc 0 
<fy/;i'25> 
ifclAlft, y = 10*f%, 2 = i5lflt4j?MC 

10 o90Fel0) 7 5S i 1 OBI 5 i: Ifc^^fit ^ ^ 

;V1 0 i^«fcLtTEGl:#fc, 
<f-^^7V2 6 > 

o90Fel0) 7 0 S i 1 0 B 2 0 ©E^ i LfcK^ftt ^ / 
15 ;HOtliiuLtTEGlr#fc, 
<fy/;V2 7 > 

o9 0FelO) 6 5 S i 1 0 B 2 5 <DBJ$ t L It $k ft f& V V ~7 
7V 1 0 i^ftttTEG^ffco 
20 <f ^^^2 8 > 

Mik&&m*, y = i 00^%, z = 3 o js-? %, -r*fc>% (C 

0 90Fe 1 0) 60S i 1 0B3 0 <D t L It & ft f" > 7 
;H 0 ^iCUTEG^Ife, 

TVV 2 9 > 

25 M § ftJfSr, 7 = 151^%, z = 5l^l 1" ft t> h (C 
o90Fel0) 85S i 1 5 B 5 ©fi^i LfcK^St^^^ 

1 0 ilH«tLTTEG*#fc. 

<fy//v3 o > 
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M4t g a m * , y = i z = i (c 

o90FelO) 75Si 1 5 B 1 0 0«Hfc£l^lify/ 
/HOt UTE G 

<1f-^^/V3 1 > 

5 MS &Jf £ N y = 1 5m*%, z = 1 5 Jg-? % % -f ftfr ^ (C 
o9 0FelO) 70S i 1 5 B 1 5 ©fij* LfcK^ttt i'^ 
JV1 0 ^iCLTTE G §r#fc 0 
7 /I* 3 2 > 

i&fcg y=l 5^-?%, z = 2 0 Jg^%, -f&fc^ (C 

10 o90FelO) 6 5 S i 1 5 B 2 0 ©Jt&fifc t LtcMft-fe-fr V 7° 
/H 0 ilH^}clL-CTEG^#fc„ 

< ^^yf )V 3 3 > 

«fcg*S«r* y = 1 5gf%, z = 2 5If%,f)ifct, (C 
o90Fel0) 60S i 1 5 B 2 5 ©t^ i: I fci^^iif V / 
15 A'lOiHitltTEGiffc, 

< f-yf/u 3 4 > 

M g S Jl £ , y = 20M^%, z = 0 , -Tftfr-h (Co 90 

Fe i o) 80s i 2 o (o t v fr$kf\-n.^ i/ 7 ?v i o tmm 

tUTTEG^ffc, 
20 < f- ^TVl- 3 5 > 

y = 2 0jg^% x z = 5jg^% N Tftfrh (C 
o90Fel0) 75Si20B5 t h tc &,ft-fe^ > ^ /V 

1 0^ii:LTTEG^#f: c 

< f- lyf )V 3 6 > 

25 «t ft; g y = 20 z = l o %s ^ ( c 

o 9 0 F e 1 0 ) 70S i 2 OB 1 0 ©11^ L Th^^fj: f y / 
^ 1 0 fcHitLTTEGSrifco 

< f* 3 7 > 
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y = 2 o m*%, % = l 5lf%,t/ifc^(c 

o90FelO) 65S i 20B15©»^ilfuK^!4t^7' 
/HOiiltltTEG^ffe, 

< ^ 7" A> 3 8 > 

5 Mfc g A J| & , y = 2 0 % , z = 2 0|^%, t*fcMC 
o90FelO) 60S i 2 0 B 2 0 ©lit Lfcgt^lit 
/H 0 tBIfatTEG 

< -9- 3 9 > 

Mfc g A J| £ , y=2 5gf%, i = 5*fl t» (C 

10 o90FelO) 7 0S i 2 5 B 5 ©M Hfc^^iit y/;!' 
10 ilftfcLtTEGilfc, 

< 4 0 > 

Wtfbg *1^> y = 2 5lf%, j = l0Iflt4i?Mc 

0 90Fel 0) 6 5S i 25B1 0 ©fi^ t Lfe^^ttf ^ ^ 
15 ;H Ot^itUTTEGlrifc, 

<f >'7 p ;i'4 1 > 

fl&flS g S S «r , y = 2 5S^%, z = 1 5 jg ^ % , i" * fc> % (C 
o90FelO) 60S i 2 5 B 1 5 OH^ Hfe£t^ttt 

;n o J:^ilittTEG^#fc 0 

20 (H»3) 

iftBSII:2i©Co F e f:Ru*»?))«5«l7xyiit 
L N ^fbg &J1£ (Co, Fe) tSiXt^B SrSBJ&H Lfc!&$© 

< 4 2 > 

25 ( 1 ) fc*5V^X, ttftg ftJi* % (C o 100-xFex) 

70SilOB20H> Htx = 0, tftb*»Co70S i 

1 OB 2 0 © t L K ^ H: f- ^ 7*/H 0 i^itLTTEG 
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<fy^;v4 3 > 

MSAI^, x = 5 m -=F % , -t ft t> % (Co95Fe5) 7 
0 S i 1 OB 2 0 <Dffl.f$k V1t$kto-ltV-l'7A' 4 2 H3 L T 
TEGSr#fc„ 
5 <fy//V44> 

MikU&m*, x = 1 0 , -T ft fc> (Co90FelO) 

70S i 1 0 B 2 0 © j& L fc & ^ » If ^ T'/l' 4 2 El & fcl L 

<ty7 , ;M 5 > 

10 flSfcS ftllr, x = 25g?%,t^£^^ (Co75Fe25) 
7 0 S i 1 0 B 2 0 Lfc^telf ^/l' 4 2 fc HfltlC L 

<f-yy7V4 6 > 

Mit lAilTv x = 4 0lflt*fcfe (Co6 0Fe4 0) 
15 70S i 1 OB2 0©I^i:lfc»^ttt^//M 2ilSl:L 
TTEG &#fc„ 
< f - y •? ;v 4 7 > 

MfcS&m*. x = 5 0 W^f % , 1" ft *> t» (Co 5 OFe 5 0) 
70S i 1 OB 2 0©|I^i Lfc»^}ify//M 2 i^itL 
20 TTEG£#fc 0 
<fy7 P /l'4 8 > 

ttft g A Jl & . x = 7 0 ^ % , I" ft (Co30Fe70) 
70S i 10B2 0©E^ilfcK^ttf-^^/M2^'|tb 

25 (ftft4) 

MfcmfeM % 2 Jf© C o F e tRu^b^5il7xPiti 
L , «<ffc i * * & (Co, F e , Ni) S i & B & «S SB L 
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m * m it o 

< ^-y/As 4 9 > 

( 1 ) fcljfeV^T, ft ft ift^^r,(ColOO-x-wF 
exNiw) 70S i 10B20H, £ x = 6 UK ^ % , w 
5 =4 0g^°/ 0 , -f ft t> % (Co54Fe6Ni40) 7 0 S i 1 
0 B 2 0 (DU&b LfcK^fif-y^^l OiSJflltlTTEGi 

<fy//i'5 o > 
ft ft; 3 x = i 5g^%, w=4 o Jl^%, -fftfrib (c 

10 o45Fel5Ni40) 70SilOB20 ©ft fife i L fc £t ^ 
« f- ^ 4 9 iHilIltTEG«r#fc 0 
<t^7'/V5 1 > 
ft ft g * A Sr , x = 6 . 5 % , w = 3 5 Jg^ % % "T ft t> % 
(Co58. 5Fe6. 5Ni35) 7 0 SilOB20®I| 
15 t Istc&sftfe-V-yy^ 4 9 ^itlTTEG^ffco 

< f- >- 7 s /I' 5 2 > 

ft ft S » *: , x = 1 6 . 2 5^%, w=35Mi L %> T ft 
(Co48. 75Fel6. 25Ni35) 7 0 S i 1 OB 
2 0 © M £ L # ^ fit f- TVV 4 9 ^iiatTEG^ffc, 
20 <fy7'^5 3 > 

ft ft g ft il £ , x = 7lf°/o, w=30Ifl 1" ft % (C 
o63Fe7Ni30) 7 0 S i 10B20 ©*&fifc t Lfc&^ft 
fy^/M 9 ^IH«(c:LXTEG^#fc 0 
<fy/^54 > 

25 ft ft g &Jf£> x = 1 7 . 5 1^%, w=30Hf%, -f-ftfc 
% (Co52. 5Fel7. 5Ni 3 0 ) 7 0 S i 10B20© 
fejft t Ufc^^{4f-^7 P /V4 9 iW*tlTTEGtj|fc, 

<f y^;v5 5 > 
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fl&fcBfcSSr, x = 8®^%. w=20Sfl (C 
o72Fe8Ni20) 7 0 S i 10B20 (DU^L t L fit 0* fi 

fy7';v4 9^iiatTEG«:#fc 0 

< if >- :7 s /V 5 6 > 

5 M g*Jl&, x = 2 OIf% % w = 2 0 1^%, 1" fc *> (C 
o60Fe20Ni20) 7 0 Si 10B20 b & ^ 

ttfy/;M 9 iHitLTTEGSrifc, 

< if > ~? ;v 5 7 > 

Mfc g * € £ s x = 9lf°/o, w = 1 Olf°/o, -T ft ( C 

10 o81Fe9NilO) 70SilOB20 (D^Efe t LtcSkfl-te 
^^7-^4 9 fcflJ«fc:LTTEG«:#fc„ 

< f- V:/^ 5 8 > 

M g * Jl £ , x = 22. 5m^%. w=10^1 -f ft fc> 
^ (Co67. 5Fe22. 5Ni 10) 70S i 10B20© 
15 m&k lfcEi^i4fy^/V4 9 i^tllLTTEGlrifc, 
<fy//V5 9 > 

Iftlftll:, x = 10K°/o, w = 0 , -T ft fc> % (Co 90 
Fe 1 0) 70S i 1 0B20©t^iUfc^^ttty/;M 9 
t mmK LtTE G £#fc D 
20 <fy7';V6 0 > 

M g £ S £ > x = 2 5 % s w = 0 , ft (Co 75 

Fe25) 7 0 S i 10B20 ©ifi^ t U fc £>( ^ f- ^ 7 s 4 9 
^|CltTEG^#fc, 
(H1&5) 

25 2j|©CoFe R u 6> * « flf Ji 7 * y #36 i 

U aMfcg**& (Co, Fe) fc7G*&«s>&DLT#«:& 
SI fc o 

< >-7°7l/ 6 1 > 
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8MbSftJl&^ Co70. 3Fe4. 7P13C7 ( IgC "=F % ) 

<dmj$ t v it &> ft « t y o t m m k u x t e g & # it. 
<fy7'/K 2> 

fl* -fb S ft )■ * n Co72Fe3P16B6A113 ( JDBC ^ % ) 
5 ©jft$ t LfrUft\*-f V?)\> 1 0 iMti:LtTEG*#fc, 
<fy^^6 3 > 

»flS § ft Jl £ s Co69. 6Fe4. 6Mol. 8Si8Bl 
6 (JS^F %) ©iftfifcfc Lfc^&iJ-^TVH O^iiatTE 
G&*#fc 0 
10 <f y/;H4> 

titfcgftJIfr* Co74. 3Fe2. 6Mn3. lSi4Bl 
6 («^%) OllJHfc^ttt^lOilSEUTE 
G&#fc 0 

< f- V 7° /V 6 5> 

15 $MbgftJl£, Co7 0Mn6B2 4 (Dm&tVtc 
S**M2f- 0 tPitUtTEGl:#fc 0 

< f- 1/ Zf /V 6 6 > 

i&fti S ft Jl & , C o 8 1 . 5 M o 9 . 5Zr9 ( WL=f- % ) © 3ft 

20 ^ur, ifetifc^fy^/n-t^^^e 6©tegicMu 

(TMRJt) 

J; o-ca*iSSt»**-?&aMbStf $ r. t i 9 , 
fc»©^&8&#&BMb gftJl©$Mb««ii-*f 
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tt , 5 0 0 OeHfc, 

ft«©»ft#**©-*«^6>J!,T- 5 0 0 O e 

5 y K 2 3 i tf y y m B K 2 4 t 7^1 

JEflS 1 0 0 m V b ft 5 «fc 5 K1H ft It, h >-*/^<£k: h 

feVtc a tlx, «fcH*»£*fcBftJi©*fc#R¥f?-efco 
t ig ft v^ffi© St/fete t N tt^H&n tmikU &m®M<k& 

(MSCtB©lKl£) 

^*M©»^tt»»©«»#3&©*iift,aiasi«^n««(T 

EM) &tfXi»III$rfcJ:!>fTofc 0 
15 ±» LfcM& b ^^/V^^ft«^i"5 <£ 5 ft 5 n 

t>L<f±ttiJ:!J t>^ftv^ff«J$"T?B:Xi&:&s35I ttL^i\ 
@*f 07£ft#5 + XfclU#fi;i«fc!?#ftKte 

ft Ha b Lt, *ffcfc#f-yr^©«lflsS ftlo 

iMt ^CHi¥ 5 0 0 nm©»*tt«-»#JlKftfP«UTfflSft 

20 ff<otc 0 xmmm m&fc&^x, ^-^©^ 
n^iftiaiifftx^n- y t>©ft**«*3ti ras 

ffittSftaswIfcfcAfejLfcaAft FilfbSSJ bMMLit. % 
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3jffcRlTMR»**«r^JRr5* fc|liIC*#l!:TKJ|[l 0 0 n m 

5 *-f, 6 2 3 K&±<Dm&fcmm%#ir?>#&m®M&#w t 

LT, (Co90Fe 10) 70S i 1 OB 2 0^H^fc§^©, 
£ <£> (Co90FelO) 7 0S i 10B2 0lt X i& H #f t 

io TEMti^ #*5C*ii*^LTvvs fc ^,§ft*ag 

asooKtfcs. w%*»so»frfr»fct, w <o mm n 

15 ©afcg^Ji ( t?^ KJi), I2©ifti^g (# 

mm) K^&n&m.'&tfnc o 7 5 f e 2 5 *mvx^?) 0 

< f- ^TVU 2 > N P t M n RMttJf J: 9 
*7x!li»f:t*Ltj8D, Al -O, b>-^/H(6**±©« 
ftlftlC (Co90FelO) 70SilOB20^IBLTV^ 
20 5 0 

<^>'7 S ^3 > 14, P t MnKa&B&ttB J; Sa^SJtM i« 
B 7 * y Hit i Sr^T ttfe 19 , Al-O x hy*/H6IIJ:0* 
flsS**i,atJi7«y«a6©»2©*ft;H*/l (#11) (c 

o90FelO) 70S i 1 0 B 2 0 L t V^6. 
25 <fy^4>tt, PtMnK3lltti(a5MiSlii 

* 7 s v m& t ufe 9 , a i - o x h i/*/v$imm±<DM 
<t&&m mm? ~v Mmvni oMfemfem k*k us 

2 ©«fcft@j£Jl (#11) l: (Co90FelO) 70SilO 
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B 2 0 £@BL-CV^5 0 

<^Vf;v 5 >ft N P t MnSMIttlCJ; 5 # -f @ 1 4# 5£ 
£^TLT&<9, A 1 - O x h^^/v|6*Ji±©«8'fbift®i«'fk 

mMMfcffi&m&m&tf&co i 5 f e 2 5 srsa l-o^. 

5 <fy^;H>!i, p tMng»ittIKJ:5*ftl)l*iI 
fc^UT&lK A 1 — O x hy^/Vfell±©iftifilt (C 
o90FelO) 70S i 10B20^Slt^5„ 

<fy^/V7 >«C, P tMnSSlttl(uUlftl£liS 

10 H61t(Co 9 0Fe 10)70S i 1 0 B 2 0 *Bl/tV^6, 
<f-y^^8 >J4 % P t MnKSIttiiaSlftl^ltl 
|7x!) Wa&Sr^T LT*5 5, A 1 - O s h y^;^li©il 

MJIT^MS fiifc (Co90FelO) 70SilOB2 
15 0 SrSB It v^ -5 o 

S7 = y#3S**"U-c*5t), a l - o x 
M?:»:y*£©8*ft;BJfe»«:BL-o^ a i - o x h 

20 KDlftlSi (£©#£tt#Ji5*K:ftS) fc (Co 9 OF e 

10) 70SilOB20<lriaLT^5o 
f y//V l - fyy^ 9(uOV>t, f^fiLfcT EG (2 7 CC • 
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